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I  should like to discuss very briefly the current status of studies in our labora- 
tory of the membrane protein component of the lactose transport system of 
Escherichia coll.  Previous publications (I, 2) have presented evidence that this 
protein, which can be selectively labeled with radioactive N-ethylmaleimide, 
is  the  product of the y  gene of the lac  operon,  the long-sought permease 
protein. 
The membrane protein, or M  protein, is firmly bound to membrane frag- 
ments and can be extracted only with the aid of detergents.  In our earlier 
studies, we used a nonionic detergent, Triton X-100, to extract the protein 
and were able to obtain some purification of the protein by chromatography 
on ion-exchange resin in  the presence of Triton. However,  further charac- 
terization of the protein using Triton extracts proved difficult. Work carried 
out by Dr.  T.  D.  H. Jones in our laboratory has now shown that electro- 
phoresis in polyacrylamide gels in buffers containing sodium dodecyl sulfate 
is a useful method for separating the labeled M  protein from other membrane 
proteins. Shapiro et al. (3) have shown that the rate of  migration of  proteins in 
the presence of sodium dodecyl sulfate is a  function of size,  rather  than of 
isoelectric point, and have developed a very useful procedure for determining 
the size of proteins based on their relative mobility. With this  method,  we 
have found that the M  protein has a  molecular weight of about 30,000 in 
buffers containing sodium dodecyl sulfate.  Since many native proteins dis- 
sociate into subunits in the presence of this detergent, it is possible that the 
native M  protein has a size which is some multiple of 30,000. 
Chromatography on Sephadex G-150 in buffers containing sodium dodecyl 
sulfate has also proved to be an effective method for the separation and char- 
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acterization of membrane proteins from E.  coll.  Calibration of the Sephadex 
columns with marker proteins chromatographed under precisely the same con- 
ditions leads to an estimation of 31,000 for the size of the M protein in buffers 
containing sodium dodecyl sulfate, in  good agreement with  the result  ob- 
tained by disc electrophoresis. 
It has also been found that a very effective delipidation of the proteins takes 
place during chromatography on Sephadex G-150 in the presence of sodium 
dodecyl sulfate. The phospholipids are recovered in a  single peak well sepa- 
rated from the M  protein and the bulk of the other proteins. Sephadex chro- 
matography in the presence of sodium dodecyl sulfate therefore appears to be a 
procedure of wide general usefulness for the separation, characterization, and 
simultaneous delipidation of membrane protein on a preparative scale. 
Turning now to studies of the function of the M  protein in the lac transport 
system, experiments carried out by Dr.  Gene A. Scarborough have revealed 
that ceils can be made sensitive to ATP added to the medium by a  carefully 
controlled process of osmotic shock (4). ATP markedly stimulates the rate of 
entry of o-nitrophenylgalactoside into the cells.  This effect of ATP is quite 
specific for ATP and purine nucleoside triphosphates. Pyrimidine nucleoside 
triphosphates are relatively inactive. 
Although the effect of ATP on the entry of ONPG into cells is a very strik- 
ing one, it is not certain whether the ATP interacts directly with the lac trans- 
port system, or whether the effect is an indirect one. Attempts to correlate the 
splitting of radioactive ATP with an increment of galactoside transport have 
as yet been unsuccessful. 
Finally, I  should like to comment on reports previously published from Dr. 
Stein's laboratory raising the possibility that a  soluble protein is associated 
with the expression of the lac permease function in E.  coll.  Stein and Kolber 
(5) have described experiments in which cells of E.  coli have been labeled by 
growth on radioactive amino acids  in  the presence or  in  the absence of a 
gratuitous inducer of the lac system.  The induced cells should contain  the 
proteins associated with the function of the lac system, whereas these proteins 
should be missing from the uninduced cells. Stein and Kolber labeled the in- 
duced cells with phenylalanine-14C, while the uninduced cells were labeled 
with phenylalanine-3H. These workers reported that when such differentially 
labeled cells were mixed and the soluble protein fraction was fractionated on 
columns of DEAE,  the proteins associated with the lac system could  be  de- 
tected by a  relative enrichment of 14C. With these procedures they claim to 
have demonstrated the presence of a  soluble protein in induced cells, which 
was  neither  thiogalactoside  transacetylase  nor  ~-galactosidase,  and  was 
therefore presumed to be the product of the y gene. 
These experiments, however, are subject to several  criticisms on technical 
grounds. The first question one may ask is whether the procedures employed by Invited Disausdon  93 s 
these authors was in fact capable of accurately identifying the known proteins 
of the lac system. 
If one examines Fig.  3 of their paper  (5) it is clear that even in the case of 
fl-galactosidase,  the most abundant of the proteins coded by the lac operon, 
the  elution  of the  enzymatic  activity is  by no  means  accurately correlated 
with the band of isotope enrichment  attributed  to fl-galactosidase.  A  second 
criticism concerns the types of controls reported by these authors. They claim 
that  when z- mutants  were used in  these studies,  no area of isotope enrich- 
ment corresponding  to fl-galactosidase could be detected by DEAE chroma- 
tography.  However, the authors were not able to detect any altered  protein 
either. Unless it can be established that in fact no altered protein was produced 
by this mutant,  it would appear that the procedures were incapable of locat- 
ing  such  a  protein.  Finally,  it  should  be pointed  out that  the  increment  of 
radioactivity which they associated with transacetylase was about one-fourth 
of that  associated  with  fl-galactosidase.  This  value  is  much  higher  than  it 
should be since the careful studies of Zabin  (6) indicate that the ratio should 
be about ~0. Finally,  I  should mention that similar experiments in our labo- 
ratory, using disc electrophoresis, which is capable of much greater resolution, 
did not reveal the presence of any soluble protein associated with the lac sys- 
tem other than fl-galactosidase and transacetylase. 
One is led to the conclusion that there is as yet no convincing evidence for 
the  presence of a  soluble protein  associated  with  the  expression  of  the  lac 
permease gene. 
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Discussion  from the Floor 
(Note Added  in  Proof.  A  statement  by Drs. Guthrie  and  Pardee  that  they find 
material  of about 100,000  molecular weight that  corresponds  to  the  M  protein  is 
incorrect,  owing  to  an  experimental  error.  In  their  hands,  the  M  protein  now 
seems to have a  molecular weight of about 30,000.) 
Dr.  Stein:  Perhaps  I  am duty bound to reply to some of the criticisms raised  by 
Professor Kennedy, and I will not take long. 
What we have done in the last 3 yr has been to work hard to try and find the reason 94s  TRANSPORT  PROTEINS 
for the anomalies that we have been talking about. Dr. Homewood is doing this work 
with me now in Manchester,  and it does seem  that  material  is labeled  during  per- 
mease  induction  in  the  cytoplasmic fraction,  but  this material  is  very  variable in 
general. It sometimes comes up with molecular weight 10,000, sometimes smaller, and 
I  think we are now of the opinion that whether it does come out or not depends upon 
how long one allows the cells to remain on through the log phase, and it may well 
represent the breakdown products of the  M  protein,  unless it represents something 
quite separate from the transport system. 
I would quarrel just a little with Dr. Kennedy about the/3-galactosidase. We have 
done this now about 20 times, and we are really certain that at least we can see/~- 
galactosidase and in the original figure that we put forward in Nature, there may have 
been some slight miscalculation of the data. We have been encouraged, of course, by 
the success of the NEM label technique and have been looking at the membrane frac- 
tion more intensively now, and tend to assume that the cytoplasm fraction is an arte- 
fact. We have followed procedures very similar to those of the last speaker using the 
dual-labeling technique, and I am afraid I must add to the confusion again. We come 
out with a  molecular weight of the order of 30-40,000 for a  substantial  amount of 
material which is present as a labeled material in the membrane fraction, on solubili- 
zation with sodium dodecylsulphate at a 3% level, and running thereafter in Sephadex 
gel.  This  material  forms  something  of  the  order  of  about  5  or  6%  membrane 
protein. 